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Abstract: Animals are increasingly included in treatment for children with autism, and research
has shown positive effects, such as increased social initiatives, decreased typical autistic behaviors,
and decreased stress. However, there are still knowledge gaps, for example, on underlying mechanisms
and effects from longer treatment duration. The purpose of this study is to contribute to these gaps and
ask questions about the ways in which animals and nature can improve conditions for psychological
development through support from therapists. The method is based on grounded theory. Data comes
from a treatment model (duration 1 12 years, a total of nine children), from environmental psychology
and developmental psychology, both typical and atypical as in autism. The results consist of three
key categories; reduce stress and instill calm, arouse curiosity and interest, and attract attention
spontaneously. These three key categories are related to an underlying core variable, vitality
forms, which was described by Daniel Stern and, according to him, is important in forming overall
experiences. The starting point is the brain’s way of encoding many internal and external events
based on movement perception. Here it is argued that the vitality forms from nature and animals are
particularly favorable for effecting development-promoting interactions with a therapist.
Keywords: autism; child development; treatment; mentalization; animal-assisted therapy;
nature-based intervention
1. Introduction
Nature and animals are increasingly used in treatment and educational contexts [1]. Natural
environments have been shown to reduce stress [2,3], increase the ability to focus attention [4,5],
increase curiosity, motivation and commitment to learning situations [6]; and increase opportunities for
physical and emotional activity through playful activities in nature [7–9]. Systematic reviews provide a
basis of knowledge for the statement that introducing animals and nature into treatment and pedagogy
has demonstrable effects [10–14]. For the clinical group of children with autism, several studies have
reported an increase in social initiatives, a decrease in typical autistic behaviors, a reduction in stress,
and a lower level of anxiety during therapy sessions when the children were accompanied by a dog or a
guinea pig [15–19]. Improvements are also reported in behavior, social interaction, and communication
after treatment with equine assisted therapy [20,21]. To the best of our knowledge, there are no
studies where therapists, with the help of nature and animals, provide more long-term psychological
development support to children with autism. This study is based on empirics from a treatment model
with this purpose, and therefore contributes to knowledge in the field.
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1.1. Autism
Autism involves limitations on mutual social interaction and communication as well as limited
variation in behaviors, interests and play [22]. Both verbal and nonverbal communication are affected.
The prevalence is approximately 1% of the population [23,24]. The condition is complex and the
group of children with autism is a heterogeneous group [25]. Individuals with autism often display
comorbidity with other disorders such as hearing and visual impairment, epilepsy and attention deficit
hyperactivity disorder (ADHD) [26,27]. Of all children and adolescents with autism, 20%–40% also
have an intellectual disability [28,29]. More than 90% of children exhibit aberrant sensory reactions [30].
The DSM-5 criteria [22] now include hyper- or hypo-reactivity in sensory stimulation or special interest
in sensory aspects of the environment. For example, children with autism may react strongly to specific
sounds, be visually fascinated by light or movement, etc. Problems with emotional regulation are
common, as well as high anxiety levels compared to many other clinical and non-clinical groups [31,32].
Another difficulty is sense of time [33,34], which many children with autism have difficulty developing.
As yet, research has not been able to agree on any specific theory that explains the underlying
mechanisms of autism [35], but over the past 20–30 years, research has highlighted primarily the
following three areas of cognition that works differently; mentalization, that is, the ability to attribute
oneself and other persons thoughts, feelings, desires and intentions and the understanding that these
states affect people’s actions [36], executive function, that is, the ability to plan and perform complex
actions [37,38], as well as what is called central coherence, which means the ability to link information
to wholes rather than just seeing details [39,40].
Regarding the development of mentalization, in young children with autism, it is severely
delayed, deficient, or alternatively not at all occurring [41]. Also, abilities that in children with typical
development are considered to be linked to early mentalization development such as the ability to
share attention, mutual communication, and pretense [41–43], are limited in children with autism [44].
Promoting these abilities in treatment is commonplace today and is considered to create the conditions
for children with autism to develop their social ability, their language [45–48], their cognition, and
mentalizing ability [49]. Studies have shown that children with autism who pass tests for mentalization
(a more advanced form, developed at about age four in children with typical development) solve
the tasks linguistically and not through a more intuitive social insight ability [50]. According to
Hobson [49], to achieve a more intuitive ability it would be required to experience a more direct way
of becoming emotionally involved with others and not only through a process of a conclusion. In
his view, children with autism have difficulty with this. In other words, the gradual development of
mentalization through experiences of natural social interaction episodes that children with typical
development undergo in a safe and stimulating environment, children with autism have significantly
poorer conditions to reach.
1.2. Treatment of Autism
Interest in developing treatment for children with autism has increased in recent decades. Today,
there are a variety of models to support the psychological development of young children with
autism [51–56] and with varying results [51]. Many of the treatment models provide support in a
very structured way, but some have a more naturalistic approach and follow the children’s own
initiative to a greater extent [57]. No treatment has yet been found to suit all children with autism [55].
Research conducted to date shows that the Intensive Behavioral Therapy (IBT) model based on learning
theories [58] has the best results, especially for children with intellectual abilities within the normal
range [59,60]. The model is a type of educational intervention, which is based on the fact that preschool
children with autism practice a range of different skills in small steps during 25–30 hours a week.
Intellectual impairment in autism means a reduced opportunity to learn through cognitive learning [61].
A nature and animal-based treatment method aimed at children with autism, which we use in this
study, is KOMSI®(COMmunication and Social Interaction), (see Materials and Methods below).
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According to Rutter [62], the primary goal of treatment for autism should be to support
normal development. This is not easy because the cognitive difficulties that are believed to be
behind many of the behavioral problems along with the neurological immaturity, hinder the early
experience-based development that children with typical development undergo in relationships and
interactions with other people in a safe and stimulating environment [62–66]. What is a stimulating
environment for children with typical development can be over- or under-stimulating for a child
with autism [62]. The social and communicative difficulties together with hyper- or hypo-sensitivity
make it difficult for the daily experiences of interaction that the environment offers to be utilized
in a development-promoting way. Charman [67] argues that the lack of developmental promotion
experiences in itself negatively affects the following psychological development. Creating improved
conditions for this so-called experience-based development is therefore very important in order to
reduce the negative consequences in the long run.
1.3. Aim
The aim of this article is to look for a theoretical model that deepens the understanding of the
mechanisms underlying the positive effects of involving nature and animals in a developmentally
supportive treatment for children with autism. Using such a theoretical model, existing treatment
methods involving animals and nature could be further developed or new methods could be developed.
2. Materials and Methods
2.1. Material
The material comes from the first author’s clinical experience, most of which comes from her
practical experience from the treatment in the project KOMSI®which includes observations and
process notes. It is supplemented with scientific literature, discussions with colleagues, seminars, etc.
according to “grounded theory (GT)”, see below under “Analysis”.
2.1.1. The Treatment Model KOMSI®
KOMSI ®is about a 1 12 year long, group based, nature- and animal-based interaction and
communication treatment, aimed at children with disabilities, mainly autism, both with and without
intellectual disability, and with a mental age range of 4–6 years, and speech development at a quite
early stage. The model has been tested on two separate occasions [68,69].
The treatment environment is located on a small farm with animals and with the surrounding
natural environment where the children take part in horse riding, games (e.g., hide and seek, chase and
run, coppers and thieves, and shipwrecking) and other related activities with therapists. The sessions
are 2 12 hours long and take place during school hours, once a week, about 40 occasions in total, and
the group consists of 4–5 children, 6–7 therapists (i.e., psychologist, physiotherapist, occupational
therapist, special pedagogue, teacher, and teacher´s aide), and a person responsible for the animals.
2.1.2. Participants in KOMSI®
Treatment with KOMSI®was performed in two different projects with four children in the first
group and five in the second. All nine participants were recruited from two habilitation centers in
medium-sized Swedish cities. All but one child had been diagnosed within the autism spectrum,
all before the start of treatment, and all but one, also had an intellectual disability at a mild level.
One child had an acquired brain damage and a mild intellectual disability. The procedure and
assessments leading to diagnose were carried out by a psychologist and a doctor in the specialized
health care. The tests used were ADI-R (Autism Diagnostic Interview-Revised) and ADOS (Autism
Diagnostic Observation Schedule) [70]. The children’s ages were 6–8 years old at the start of treatment.
Mental age in the first group was about 5 years old and in the second group about 4 years old, but in
the last group the verbal expressive level was somewhat lower, about 3 years.
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Informed consent was obtained from the children’s parents regarding photos and other empirical
data included in this article. Most of the examples from the children’s communication and statements
included in the paper are considered to be highly similar to the children’s actual statements. This is
because the therapists stated them from memory directly after the treatment sessions. Some examples
are exact, because they were recorded on film. The photos presented are taken by the first author in all
except in one case, where the photographer instead was the therapist Ingrid Bertilsson.
The research has been approved by the Ethics Review Board EPN, 2007-10-23, T626-07, Ad Ö
348–01; 2009-08-17 Dnr 416–09. Animal ethics has been guided by the commonly-accepted ’3Rs’ [71]:
Replacement of the horses and the dog to nonalive objects or to reduce the number of horses in the
study were no alternatives. An example of refinement was applicable in the occasion where a horse
was replaced, as the relation between horse and boy was considered non-optimal.
2.1.3. Data from Treatment with KOMSI®
The data consists of process notes from the participants’ development during the treatment.
Information about the context of the children’s behavior in the treatment was also written down as the
therapists purposefully involved animals and nature for their interventions. These notes are based
on the therapists’ shared reflections on the children’s behaviors that occurred after each treatment
session. The same procedure was used related to which photos should be picked out and sent home to
the participating children (second project), after each session. In this way, the data has undergone a
form of validation continuously. One practitioner’s viewpoint on a child’s behavior may have been
contradicted or confirmed by another practitioner’s statement and consensus has been sought to obtain
the most likely understanding of the events.
When the children’s development progress was evaluated, this was done within the group and
under supervision. All therapists from the habilitation center had access to the notes during reflection
time or supervision as they were collected in a special folder, one for each child. All aspects, both
positive and negative about the children’s behavior and reactions, were written down, as all therapists
were motivated to help the children to progress with their development during the therapy. For the
therapists, the treatment was primarily a long-term treatment in the habilitation service and not a
research project. Possible observational effects or Hawthorne effects mainly arise during short studies
and/or where personal rewards are evident, which is not considered to be valid in this case [72,73].
Additional data from the treatments referred to above consist of the first author’s interviews of
parents, teacher and parent surveys, tests, conversations with colleagues, and films and photographs
from treatment sessions, but also from the author’s impression from conferences, participation in
workshops, seminars, and trainings, as well as from her clinical work beyond KOMSI®but where also
animals and nature were included. These experiences have been used as a basis for comparison with
the main empirical material that is the process notes.
2.2. Analysis
Data have been analyzed using the qualitative method grounded theory (GT) but with elements
of abduction in the analysis method. GT is a method of generating new theories through induction [74]
or when one wants to develop and renew existing theories by adding new aspects [75]. GT has become
an increasingly common method of studying social phenomena where theory formation is lacking [74].
In GT, both qualitative and quantitative data can be used, but with emphasis on qualitative data and in
the analysis, elements of deduction can occur. According to Reichertz [76], abduction can also occur
within GT, a form of conclusion where collected data is combined into new combinations and where
existing theories are not sufficient to explain the patterns you see. The search for explanations can then
lead to new knowledge and new discoveries.
Already the founders of the method, Glaser and Strauss [77] had different views on the method
and how it should be used, so it is common today for researchers to state that they are inspired by GT,
which is also done here. Glaser, for example, wants to give the researchers great freedom; that their
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creativity should be used as much as possible and believes that it can be done without taking away the
rigor of the scientific work. According to him, the validity arises if the reader when he reads the results
can recognize himself, and get a feeling that this sounds reasonable. Here, Glaser’s approach is used
by reusing data derived from previously performed research projects; one unpublished paper during
studies in psychology in 1998 (A literature overview about animal-assisted therapy (AAT) for children
with autism and an evaluation of an animal-assisted activity (AAA) program involving children with
autism and intellectual disability visiting a farm), and the two research projects of KOMSI® [68,69].
The first step in the analysis was to encode the themes of children’s development that were
described in the first project with KOMSI® [68] and in the second [69]. Episodes that were considered
to contribute to children’s development (e.g., exploration, play, social interaction, and communication)
were coded with so-called open codes, i.e., they have received descriptive texts linked to them. Content
that was repeated was found and explored and eventually this work led to the emergence of certain
main themes. In the second stage of the analysis, the outlines of each main theme were refined and
examined based on how they were linked to each other, as well as the literature related to theories
of children’s typical and atypical development such as in autism and to the field environmental
psychology concerning nature and animals for children and adults’ development and health. Of these
main themes, four key categories were now formed 1) Reduce stress, 2) Awaken curiosity and interest,
3) Use of attention spontaneously, and 4) Vitalize and give energy. It was discovered that all four
themes had some overlap with each other and all four could be linked together and individually to
the three theoretical directions mentioned above (children’s typical development, atypical in autism,
theory from research on nature, and animal significance for human health).
In a third and final step, the fourth key category of Vitalize and give energy was transformed into
a main category of the four key categories, which the other three key categories came to revolve around.
This main category is referred to here as the core variable. The process of finding it came from the fact
that the fourth key category was larger than the others in its abundance of thoughts and associations,
and upon closer analysis it was found that it also had explanatory value for each of the other three key
categories. The core variable does not give rise to a completely new theory, which is usually seen as the
purpose of GT, but to an already known theory, a theory that, as far as the authors are aware, has not
previously been applied to children with autism in the context of treatment with support from nature
and animals besides the support from therapist. It is about Stern’s thoughts and theories on how the
feeling of being alive arises in a human being, so-called vitality, and its importance for psychological
development, for all our daily experiences, including those about reading and understanding other
people’s mental states. The vitality forms, are a type of perception that arises from how one interprets
movement, says Stern [78]. They follow our experiences by adding form and dynamics to our thoughts
and feelings. Stern explains that we do not notice them because we concentrate on the content of
our experiences [78]. He believes that they have an important integrative task in the mind as they
fuse impressions and help us to perceive them as dynamic events in the form of holistic experiences
(described in more detail in the results section). The article examines the possibility that the registration
of vitality forms, here freely interpreted as movement perception, may have explanatory value for how
children with autism can read meaning into what is happening in a treatment environment consisting
of nature and animals.
3. Results
The study revealed three key categories and one core variable. The core variable is described
directly in the presentation of the key categories but also in the end of them as a short summary. Since
it is easy to confuse vitality forms with mental content and because the theory is not a well-known
theory, the presentation of the results begins with a more general theoretical description of the concept
of vitality.
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3.1. The Concept of Vitality
3.1.1. Vitality and Vitality Forms
The aspects of the concepts of vitality and vitality forms that are addressed come from Stern’s
latest and more extended version of the subject [78]. It is about aspects that specifically touch on Stern´s
thinking how they arise within a human being, the importance of them in relation to mental content
such as thoughts, feelings and sensations from which they are separate but still affect and are affected
by [78], and finally, the importance they have for mentalizing and the connection in this regard to
children with autism.
A short quote from Stern’s book ([78], p.4), may be used here, as it well seems to capture the
essence of vitality for the human experience and at the same time have relevance for the way people
with autism seems to grasp the world. Their cognitive style is characterized by being focused on detail,
facts, and is more derived from logic than from an integrated whole. In addition, children with autism
sometimes seems fascinated not by mental content in itself, but more of the dynamics that moving
things or light phenomena can create in mind.
”Without manifestations of vitality, the world would be bereft of much of its interest, and human
interactions would be digital rather than analogic, whatever that might be like”.
3.1.2. Human Experiences Based on Vitality and Forms of Vitality
Stern describes that vitality arises as a result of how the brain integrates many internal and external
events (those that take place in moments of seconds) so that total experiences arise [78]. However,
experiences must have their basis in some form of movement, mental or physical [78]. As movement
perception is always accompanied by the four qualities, force, space, time and direction/intention,
vitality is also experienced with varying degrees of dynamics. A movement, for example, occurs
during a certain period and therefore a sense of time is coded. Movements also takes place spatially,
which adds a dimension of space to the movement perception as well as a sense of intentionality, since
movements always have a direction [78]. Stern points out that we are constantly moving in some way,
e.g., through breathing, when we speak, through gestures, mimics, or gaze directions, and that every
movement has their respective time contours and flows [78] and through the mirror neuron we can
perceive another person’s inner state by watching how they move. Mirror neurons are visual/motor
neurons in the brain that are considered to be linked to social and empathic behaviors [79]. They are
activated in the same way when an act is seen to be performed, as when it is performed by the person
himself [79]. In this way, the forms of vitality are important for social understanding between people.
The vitality forms are almost always intertwined with feelings and thoughts but can occur without
content. An example of this according to Stern, is when infants communicate with their caregivers
(part of affect attunement, the way inner states of the infants are mirrored back to them [80]). Or for
a brief moment after a stimulus (for example as when looking at a picture) but before thoughts and
feelings are initiated [78]. They are part of the episodic memory and a small movement can remind
us of an experience we had in the past and with the help of the forms of vitality brought about, an
entire memory of the event can be recalled [78]. To date there also exist some scientific support on
neurological underpinnings of vitality form processing in the brain [81,82].
3.1.3. Children with Autism and Registration of Vitality Forms in Another Person’s Expression
There is very little research on vitality forms and children with autism but in a study by Hobson
and Lee [83] it was shown that children with autism could imitate another person’s action, but rarely
the way the action was performed by the typically developed children in the control group. This, Stern
proposes [78], could be explained by the fact that the children with autism cannot imitate the forms
of vitality of the action [78]. Hobson and Lee [83] argue that children with autism have difficulty in
interpersonal engagement, which is required to imitate the way an act is performed. Stern was part of
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a research group that conducted a similar study [84] where the ability to see similarities and differences
in actions performed with the same or different form of vitality was examined in a group of adolescents
with autism. The result showed that the group with autism compared to control had clear difficulties
in perceiving the forms of vitality in the performance. The authors propose that these difficulties may
be at the root of the social difficulties in autism which could affect the ability to be socially toned and to
be able to mentalize [84]. The authors also conclude that the new insight may lead to development of
clinical interventions for individuals with autism.
3.2. Key Category 1—Reduce Stress and Instill Calm and Peaceful State of Mind
For young children, strong negative emotions are associated with experiences of stress and they
need help with regulation of affect [65,85]. Children with autism have easily aroused stress due to
disabilities and more difficulty in using so-called social strategies such as turning to other people for
help. Therefore, finding other complementary strategies for the group that can provide them with
improved emotional stability is very important, especially when receiving treatment. According to
Ulrich [86], the reason why nature is an especially salient environment for humans from the perspective
of stress reduction is due to the fact that man has evolved in nature over a very long time and therefore
adapted to it both physiologically and psychologically, something that has not yet happened for the
urban environment. There are also explanatory models other than the so-called evolutionary as to
why the natural environment can work as soothing to humans and provide help with stress reduction.
One example is the Perceptual Fluency Account theory (PFA) [87,88], which, like evolutionary theories,
is based on a biological mechanism. According to PFA, the explanation for nature’s positive effects
on attention and stress can be found in the fact that our visual system processes the information in
natural environments with greater ease than information from other environments. One factor that
helps visual structures in nature be easily processed is the high degree of coherence and order created
by repeating shapes that are similar to each other, something that with a mathematical concept is called
fractal geometry. Stern’s theory of vitality and vitality forms can also fit well into this key category
of stress reduction and provision of calmness based on all the gentle repetitive and slow movements
without stressful direction/intention occurring in nature.
For children in the treatment, it seems that nature and animals have helped reduce stress in
different ways, both directly and through the therapists’ interventions. An example of the latter
could be when therapists use nature and animals as a distractor when contact from direct experience
of the interaction with themselves, or other group members, threatens to become too intense and
overburdening. The animals, together with the clarifying verbal and non-verbal emotional support
from the therapists, can then be used to regulate the arousal level in the child. It seems that the
children’s heightened interest in the animals makes it possible for the therapists to relatively easy
catch and draw their attention from something that caused them concern, to other elements in the
environment, which then reduce stress as a result. The children have also independently been seen to
switch their focus of attention when they, for some reason, have not been able to, or wanted to remain
in the communication with the therapists or other group members. They may have felt stressed for
some reason but also tired or in need of more processing time. Often on such occasions they have
looked for an animal or just walked away for a while in their own thoughts and with their eyes fixed
on something in the environment. The question is whether nature and animals then functioned as a
kind of safety valve against further stress to build up, which at the same time may have facilitated
mental processing to be done more efficiently. Eventually, the children returned to the therapist or
someone else in the group and then again often showed interest for what was going on. In other words,
it has not always been easy to explain why stress, or signs of discomfort, appeared to decrease in the
children as it could be many factors contributing to this. If the main reason was about fatigue or need
for more time to process information, a slow wandering gaze towards any indeterminate movement
from an event in nature may have resulted in the children regaining vitality through the activation of
soft forms of vitality that are easy to interpret based on direction/intention. It could be from watching
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the movements of grazing animals or looking for a while at a tree canopy swaying softly in the wind or
listening to the quiet whisper from the moving leaves of the trees.
Another more indirect example of stress reduction is through therapists’ interventions when
the animals’ behaviors were used as a kind of mirror and as starting point for conversations about
conditions the children themselves did not understand so well. The children have not always shown
clear stress in these situations, but more worry or confusion, and may have silently looked at something
and tried to grasp the meaning of the event. An example was when a child left the group after an
episode of interaction with the dog and another boy. The therapist saw that the boy looked frustrated,
standing silently next to the fence outside the playground in the forest. The therapist approached
him and began to gently make contact. Her hypothesis was that the boy could not handle that the
other boy also interacted with the dog and therefore he withdrew. When she confirmed him with
words, she chose to take the perspective of a raven (they were in the area) because she did not think
he was ready or motivated to listen otherwise. She described, from the bird’s perspective, what she
thought had happen, and then asked him if the raven was right. The boy answered yes, looked relieved
and joined the group again. In this and similar ways, the animals were sometimes included in the
therapist’s interventions. Words were used to form important linguistic links to emotional states, which
seemed to increase the children’s understanding with reduced stress as a result or as here, helped to
break an emotionally locked state.
Another type of event that may have increased the children´s sense of safety, was when the children
watched when animals communicated and played with each other. This was a kind of experience
that amused them a lot and made them laugh, and the episodes also elicited vitality in the children.
The domestic animals in the farm (pigs, and chickens), along with those grazing in the pastures (cows,
and horses) and those involved in the direct interaction (a horse and a dog) may, together with nature’s
structures, have signaled to the children that the surroundings are a safe, interesting place to be in
and a place that is easy to perceptually understand. This is what Ottosson et al. in their article on
Parkinson’s disease, label a biophilic environment [89]. When the animals are calm, they convey the
message that no danger prevails. It is also a great advantage that many of the animals’ behaviors could
easily be linked to human behaviors and human needs such as; play, food, rest, or to show emotions in
the communication with others. This has made it easier for the therapists to be able to offer the children
a varied and tailored knowledge of human’s life conditions, that are believed to have broadened their
perspectives and understanding of links between behaviors and the mental.
Animal behavior can often be perceived by humans as relatively easy to interpret based on
intention (the horse wants to eat as it tries to snap leaves from the trees as we ride, the dog asks with a
praying gaze and waving tail for a piece of food, etc.) which is probably a great advantage for children
with autism who have difficulty interpreting intent behind human actions. Their mentalizing ability
can thus be enhanced more directly by looking at animals’ behavior and understanding what they
see. In other words, the behavior of the animals in the treatment and the therapists’ ways of helping
the children with the linguistic understanding may have led to stress reduction through increased
comprehension of what is happening. The children’s contact with the animals also relies heavily on the
animal’s acceptance and less demanding nonverbal communication. The children with autism seem to
benefit from this, as they have difficulty interpreting human communication, which almost always
involves both nonverbal and verbal modes of communication, and so is much more complex. If the
children also register the vitality forms when looking at the animals’ behaviors when talking to, or
listening to their therapists, that could also have contributed to them getting a more coherent picture
of the whole event. Especially as emotions and vitality forms mutually affect one another, according to
Stern [78]. Perhaps also time registration could become more efficient by vitality form registration,
and hypothetically help the children to develop their sense of time, an area that is often impaired
in autism [33,34]. Perceiving movement from alive things is a very early form of perception that is
already in place in very young children. One-year old children see geometric figures in experimental
studies as intentional, based on how they move [90,91], and three to four-year-old children attribute
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desires, goals, and emotions to such geometric figures [92]. Animated perception is considered to be
an early milestone in children’s development [93], that contributes in an integrative way to the social
information process and social cognition of children [94].
When it comes to children with autism, however, there is very little research on how they perceive
animated movement. Rutherford and colleagues [94] saw in their experimental study that children
with autism, compared to controls, took longer times to learn to perceive animated movement based
on geometric figures presented on a computer screen, but that they learned in line with the control
groups. However, Klin [93], who did similar studies but without learning phase (adults with autism),
found that individuals with autism performed worse than the control. Rutherford and colleagues [94]
raise the notion that the neural mechanisms of perception of biological movement may be intact in
children with autism but that they may need to learn to perceive them. The question is whether the
children with autism can decode movements of animals automatically, if they find them interesting? If
so, the function to read biological movement is stimulated. This should be an advantage, since animal
movements just like human´s, are intentional in some way and can give rise to thoughts and behaviors
which can promote valuable experiences for the children to develop their social understanding and
mentalization further.
Another aspect of human communication with animals that may be of importance, is the use of a
softer tone of voice. Research has shown that when people talk to animals, they often use similar modes
of communication as when talking to young children (so-called motherese), i.e., a form of word-filled
conversation, repetitive and slow, and filled with soft, calm vitality forms and facial mimicry [16].
This type of communication with more musical prosody used by the therapists occasionally when
talking to the animals, seemed also to have increased the children’s interest and vitality for what was
happening in the interaction. Sometimes calmness from this situation seemed to transfer even to
the child’s emotional state. Some children have also used this softer more musical way of talking to
the animals themselves. A boy first spoke with a softer voice directed to the farmer’s car, which he
liked very much, but after a while we heard him use the same soft voice when talking to his horse.
He seemed to have generalized the way of speaking from one situation to another, something that
is not so common in autism. Similarly, the therapists’ more emotionally colored tone of voice when
speaking, may have been transmitted to the children, suggesting that affective transmission may have
occurred through mirror neurons. Such a possible transfer may also be influenced from other kinds of
movement perception than from prosody, for example, from the children´s awareness of the whole
therapist/animal situation, taking in also the vitality forms from the therapists’ gestures and body
language. Katcher and Friedman [95] have shown in their research that conversations with animals
reduce stress and blood pressure in humans, which is not the case in conversations between people.
It may also apply to individuals with autism.
3.2.1. Theories and Mechanisms in Relation to Calm and Peaceful State of Mind in Children
Oxytocin is a neuropeptide involved in the regulation of several different types of social links,
both in animals and humans through calming effects [96]. One example is behaviors between children
and parents such as mothers breastfeeding their young children [96], but oxytocin release also occurs
from people’s physical contact with animals, especially by patting dogs [97]. It is about the hormone
opening up to systems that have to do with attachment [96]. It is primarily through enjoyable tactile
interaction that oxytocin is released but it can also occur through eye contact as in a single encounter
with an animal, according to Beetz et al. [98]. In the treatment we see that the children often look for the
animals close by and stop for a while to pat or look at them. For some children, this has been especially
important. Most children though not all, have repeatedly shown the animals care in the form of talking
to them in a soft voice, sometimes taking the animal’s part in conversation with someone, or showing
the animals another type of care such as giving them food, see Figure 1, or patting them, see Figure 2.
Beetz et al. [98], who do research on human-animal interactions, indicate that the fact that mammals
and humans share behavioral systems for attachment and care and have the same biochemical hormonal
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basis for these behaviors, is important for these interactions between animals and humans to often work
well. There are also several examples from the treatment that the children were able to respond to and
were interested in episodes about proximity, contact and care, based on situations communicating with
and about animals. These are assumed to be important examples of social and emotional experiences
that children with autism cannot so easily gain from interaction with people. These experiences
therefore help them develop trust and a sense of security, which are good conditions for developing
other abilities, such as how to talk about needs and behaviors that humans can have also. According to
Beetz et al. [98], activation of the oxytocin system is suggested to be one of the underlying mechanisms
behind the positive effects of human–animal interactions. Stress reduction based on oxytocin effects
may also be involved when children with autism interact with animals in a way they like and seem to
be calmed by, see Figure 3. We have seen many examples of this effect from the treatment included
here. Oxytocin could hypothetically also be released based on the theory of vitality forms, for example
from soft speech, grazing cows, and from chewing animals such as sheep, cows, and horses.
In recent years, research on oxytocin and individuals with autism, mostly adults, has increased.
A review by Stavropoulos and Carver [99] describes improved performance on tests for social cognition
after oxytocin intake for the group compared with control. Studies that specifically focused on oxytocin
in conjunction with intervention regarding joint attention in autism, argue that the lack of social
motivation in the group may impede the long-term positive effects [99]. For children with autism, it is
conceivable that the motivation for shared attention with humans increases if the interaction involves
animals and play in nature as those events often are perceived as positive and motivating. In the
treatment that has often been the case.
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Stress recovery theory (SRT) assumes that certain structures in nature can trigger rapid positive
emotional reactions in humans, which is considered to be a result of evolution where it has been of great
importance for quick recovery after stressful events [86]. Examples, according to Ulrich [86], could be
structural features in nature’s formations such as symmetries, depth, and absence of threats. Further,
he states that particular features of visually perceived nature can be particularly linked to feelings
of security and thus restoration, such as calm and slow-moving water, or movements from a small
controlled fire [100]. Here is an opportunity to bridge over to Stern’s theories of vitality based on gentle
recurring movements in nature. Perhaps these kind of vitality forms can lead to a reinforced sense of
security when looking at them. It is difficult to know if the children in the treatment have reached
stress reduction or gained increased emotional stability from looking at that kind of movements in
nature and whether registration of the vitality forms is a key mediating factor, but hypothetically, that
could be the case. For example, during riding when the children often appeared relaxed and sat silent
on the horse with their eyes fixed on something in the surrounding nature that moved in the manner
described earlier. Another example would be when they were sitting on the ground looking into the
flames of the small campfire, often with a satisfied and calm facial expression, see Figure 4.
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Researchers other than Ulrich also highlighted nature’s formations as a source of stress reduction.
For example, Wohlwill [101], noticed in his research that people like to look at the uneven curves and
edges of nature’s formations and the continuous gradations of colors found there. Another perspective
is represented by Berlyne who believes that people often seek stimuli that can help them maintain
optimal arousal levels, i.e., stimuli that have neither high nor low complexity [102,103]. Structures
in nature are considered to have precisely such properties as they are often both uniform but at the
same time varied [88,101,104,105]. As mentioned earlier in section Key Category 1, these structures
that are ordered, uniform but at the same time rich in variation, can be described as fractal patterns,
which are considered to facilitate the perceptual process according to the PFA theory [88]. Examples of
such objects in nature that exhibit self-similarity on different scales, are clouds, snowflakes, and trees.
When people look at pictures of nature’s fractal patterns, especially those with a medium degree of
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repetition and detail, or what can be mathematically described as a medium-high fractal dimension
(D-value) between 1.3 and 1.5, EEG (electroencephalography) studies have registered activity in the
mode of the brain associated with a wake and relaxed state, so-called alpha waves [106]. It is interpreted
here as an opportunity to counteract stress by experiencing an inner state of calmness, which for
children with autism could be a way to achieve increased emotional stability. Children with autism
like to look for the predictable and therefore the way in which nature is structured, uniformly yet
varied, is assumed to fit well into patterns and formations that they enjoy looking at.
Another concept that occurs in the literature on events in nature on the theme of unity and variety
are movements that are constantly changing but at the same time remain the same, so called Heraclitan
movements [107], and these movements are also associated with feelings of security and comfort.
Here, the authors provide examples of watching fish swimming in an aquarium, grazing cows and
horses, light and shadow play, or cracking clouds. As far as the children in the treatment are concerned,
we have pointed out several different experiences in nature and with the animals that fit well with the
theories and concepts raised here. However, the effects of riding have not yet been much commented
on and the rhythm from sitting on the horse is also a form of recurring movements that the rider picks
up via the body. The movements from the walking horse sometimes seem to have influenced the
children to become more centered and vitalized afterwards. The children first looked satisfied and
calm sitting on the horse, and then when dismounted, they again became more outgoing and alert,
ready to engage in some activity. However, it is not always that riding had that effect which may have
been due to the children’s state of mind when first arriving to therapy. Sometimes they were more
talkative, showed joy, and were more outgoing direct during the riding episode, and there were also
times when a child expressed a desire to walk instead of riding the horse. Whatever the reason, it is
conceivable that the vitality forms triggered by riding the horse might have reinforced the emotional
states the children had already from the start of the therapy, and perhaps also colored the children’s
expressions and behavioral patterns, as the body signals may have been reinforced.
Many natural sounds also consist of repetition of sound patterns such as bird song, wind whistling
in the trees, or rippling streams. Experimental studies have shown that people recover more quickly
from stress after listening to natural sounds such as water from a fountain or bird chirps compared to
listening to other types of sounds [29,108]. In other words, the natural environment in the treatment
may have had continuous stress-reducing effects if the children now and then listened to the sounds of
nature, which may have led to them being revitalized after a while with increased levels of alertness in
accordance with Berlyne´s [102,103] and Wohlwill´s theories [101].
3.2.2. The Stress-Reducing Effect of The Treatment Environment on Both Therapists and Children
Nature has most likely also had stress-reducing effects on the therapists, which in turn may have
reflected back on the children, see Figure 4. Although the treatment environment has largely been the
same from time to time and therefore quite predictable, it has also been variable (seasonal changes,
weather and wind, animal behavior variation, and variations in wildlife). Predictability along with
changeability may have been helpful for the therapists to stay calm but still action-ready to be able to
make an appropriate intervention. For example, the therapists could always be sure that there was
something going on in the environment that could evoke interests in the children, they only needed to
notice the right kind of moments and take advantage of them. For this to work, it was necessary to
quite simultaneously read the child and what is going on in the environment. In other words, peace
and quiet in connection with experiences from nature can take form in many ways. It may be about
being able to view the environment from a protected site as in Figure 5 or being captured by a uniform
but varied structure such as the fire in Figure 4.
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3.2.3. Summary Stress Reduction and Peace and Quiet Based on The Core Variable Vitality Forms
We believe that the elements of nature and animals in the treatment helped the children gain stress
reduction. They also instilled a sense of calmness based on the more abundant and softer recurring
movement patterns, visual and audial, that occurred in the natural phenomena and animal behavior.
These patterns of movement and repetition of structures are thought to provide particularly beneficial
forms of vitality that have stabilized the children emotionally, for example through a high degree of
order and predictability. The children themselves seem to have managed to unconsciously tap into
these kinds of experiences when they have been stressed, tired, unstimulated, or when they needed
extended processing time. The vitality forms that these relatively simple visual or auditory patterns
stimulated may also have contributed to revitalization in a way that did not lock their attention but
rather seemed to facilitate shifts of focus to more dynamic events again. Children with autism often
find it difficult to shift attention flexibly, especially when it comes to move focus by another person’s
initiative. According to Stern, vitality can arise in a person not only based on physical movements but
also based on mental movement for example by looking at an image or static stimuli [78]. Looking at
nature’s formations, including fractal patterns, or listening to natural sounds can possibly be a kind of
stimulus that can provide a good and tolerable arousal for a child with autism. By focusing on these
more soothing specific vitality forms in nature, it seems as if the children have found a source that
could improve their psychological balance in terms of access to psychological energy when needed.
This might also enable them to occasionally be more active in exploratory play and interaction. Perhaps
children with autism, who have an impaired ability to play using fantasy and pretense [22], can
benefit much from such an improved energy balance, emotional stability and low levels of stress from
vitalization coming from nature’s sounds, structures and formations.
3.3. Key Category 2. Awaken Curiosity and Interest
At all times, conversations about nature and animals have been used as an easy way to initiate
contact between people. In fairy tales, fiction and poetry, the complexity of man is embodied by means
Int. J. Environ. Res. Public Health 2019, 16, 4673 15 of 36
of metaphors and symbols from the natural and animal realms. Toys in the form of animals are found
in endless variations and the child’s so-called transitional objects (the link between the mother and
the world) are often stuffed animals [109]. Wilson [110], in the biophilia theory, argues that, through
evolution, humans have developed a special interest in animals and nature and that is why we so easily
pay attention to them. He meant that man receives signals of well-being and security of seeing animals
that are resting or relaxed. Kellert [111] describes biophilia as a result of biocultural development; it is
an inherent tendency created through learning both culturally and experientially.
In a recent study on adults with epilepsy, a side finding was made that could substantiate the
evolutionary aspect of biophilia. Individual neurons were found in the right part of the amygdala
that responded strongly to the sight of animals, but not to humans [112]. As a reason, it was
emphasized that animals played a major role both as prey and dangerous enemies during human
development. The amygdala is a structure in the brain involved in detection of threats but also in
the emotional evaluation and regulation of emotions [41], all of which are important functions in the
area of mentalization. The survival of most animals is considered to be dependent on rapid detection
and interpretation of other creatures’ movements, gaze direction, and social signals, according to
Blakemore and Frith [113], who examined how the human brain manages to deal with the social world.
They believe that the hypothesis of an evolutionary origin behind man’s more advanced social and
communicative ability, e.g., being able to attribute mental states to other people, is based on simpler
competence levels that we share with animals. An example of shared basic emotions between mammals
can be the so called seven primary-processes of emotional systems provided by Panksepp [114]; seeking,
rage, fear, lust, care, grief, and play. According to Blakemore and Frith however [113], the simpler
competence level can be about perceiving basic emotions, gaze, biological movement, or goal-oriented
action. If these authors are correct in their assumptions about a shared and basic way of being social
and communicating among animals and humans based on rapid reading of biological movement,
the step is not far to Stern’s thoughts [78] on the integrative functions of vitality forms in the mental
towards holistic experience based on movement, force, space, time, and direction/intention. Perhaps
children with autism have this basic tendency to be able to read animal behaviors based on movements
and therefore have improved ability to engage in simpler social communication with them. The vitality
that children with autism often show in relation to animals also sometimes seems to include humans.
Several studies on children with autism and their interaction with animals report precisely increased
social responsiveness as a noted effect of animal-assisted therapy [15–21]. We will cover biological
movement a little further on in the text, but then in connection with the description of how some of the
children in treatment move their bodies during certain types of games in nature.
In research on the importance of nature for the development of children, it has been found that
the elements and processes there can stimulate children’s interest, imagination, and emotions and
help with associations, thinking, language, and to reflect [9,115,116]. This probably also applies to
children with autism but with reservations that the stimulation does not automatically lead to a more
analytical way of thinking such as understanding causal thinking, making comparisons, reflecting
linguistically, or forming concepts. If exploration and play in nature takes place in a setting including
interaction with other children, there is always also an increased risk of misinterpretation of behaviors
that can easily lead to worry, fear, and to evasive behavior, or conflicts. However, it could be that with
a long-term support from both therapists and the environment, as in the example here [68,69], the
psychological development of the children with autism can be stimulated.
Figure 6 shows a typical situation for the connection between the child and the therapist in contact
with one another based on the child’s interest in nature and animals. Below are also presented a more
detailed example of a conversation from several therapy sessions. This because it clarifies the level
of complexity in the child´s expressions and gives an example of how it gradually can become more
coherent and well-connected to the therapist’s turns in the conversation, based on what is happening
in the environment. The dialogue takes place during the walk to the forest on the boy’s first therapy
sessions. The boy (B) has few words, his speech is unclear, and he is not easy to understand.
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First session: B makes comments about animals he sees in the pastures as they pass during the
walk up to the forest. The therapist perceives that he says: wants to cut the bangs; eat grass, we don’t.
Second session: B mimics all animals when walking. He thought it was fun to see all the horses
in the pastures and he commented on this.
Third session: The therapist talks to B about horses in the pastures being curious. When they
pass them, he says: They can´t see. The cow can´t see either! Then he said; Sara is happy (the dog) The
handler then asks: Are you happy too? Then he says; you are nice!
Fourth session: Today B is talking more during the walk. He comments all the way up to the
woods, he hums and the horses in the pasture neighs and the birds also chirped. The therapist then
asks what B thinks they are saying. He replies: They think it’s fun that we come. Then he says hello to
all the animals and hello to the forest and finally he adds: There our friends come!
Reflections: The boy comments on the animals, compares humans and animals, he associates in
thinking from animals back to himself (does not want to cut the bangs!). He takes the animal’s visual
perspective, he comments on the dog’s emotional state, he responds with empathy to the handler’s
question about how he feels and attributes her a positive trait, and when the therapist asks what he
thinks the animals are saying to them, he manages to give an answer in a form of a more advanced
explicit mentalization.
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3.3.1. Importance of Concrete and Clear Information from Nature Elements and from Animals to
Stimulate Curiosity and Interest in Children with Autism
For children with autism, nature’s concrete multi-sensory stimulation is thought to be of particular
importance since the group has difficulty in the more abstract representational thinking [117].
Gibson coined the concept of affordance about the awareness people have of their surroundings
and its possible functions and meanings [118]. The concept has then been used in research about
children and how children use nature in exploration and play. For example, a stick on the ground
can be used as a firearm or as a tool to dig with, as in Figure 7. Kreutz [119] believes that nature
with its varied possibilities of interpretations allows children of all ages and abilities to experience
a certain level of what she calls "environmental congruence”. Nature’s affordances can be a form of
sensory and concrete information that, with its clarity, helps children with autism become curious
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and show interest in what is happening and help them to imagine and form ideas about what they
want to do or say. The direction of movements can, through registration of the vitality forms, provide
information about intentions, and the goal of the movement, according to Stern [78]. It is conceivable
that nature’s elements and animals’ behavior appear to be particularly easy to interpret for children
with autism, both from the concept of affordances and the clarifying effect from registration of vitality
forms involved. It is proposed that the vitality forms contribute to the child being vitalized. This
vitalization thereby increases the child´s ability to get a clearer picture of the context and especially the
animal’s forms of vitality often contribute to the formation of a small story. Stern [78] argues that all
human actions, whether mental or physical, must adopt a vitality form as they unfold and that we do
not notice this because the forms of vitality fuse with thoughts. Stern expresses it as follows, “They are
absorbed into the explicit meaning as the vitality form accompanies a train of thought” ([78], p.10).
What he proposes is that the vitality forms are of great importance for thinking, feelings and sensations
to be experienced as dynamic and whole experiences, even though the impressions come from different
modes. Children with autism are likely to be helped by this type of dynamic experiencing when it
comes to helping them to understand and interpret what is happening. A more global thinking based
on the brains ability to integrate impressions from many sources, i.e., central coherence, is one of the
main difficulties in autism [39,40]. If the children with autism seem to experience vitality directly from
social interaction and communication with another person about what is happening in the moments of
events during therapy, there may be a reason to assume that it is precisely the forms of vitality that
contribute to this. The children have often showed social interest in talking about what is happening,
something that pictures 11–14 can show examples of.
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as they do not mask their behavior, which can mean that they convey their vitality particularly well.
With a little practice, several of the children have seemed to be able to adjust to some extent how they
move in relation to other partners in the game of chasing, where both parties must read intentions
through body language and glances. The game reminds of a kind of hunting scene and has probably
been played by children of all times, even when mankind was hunters and gatherers. The vitality
forms that accompany this type of social interaction may also have helped the children to better
integrate and understand what was communicated, both verbal and nonverbal, provided that they
were focused and interested. If the mental content is enclosed by the so-called vitality representations,
as Stern describes they do [78], this in itself may also have affected the encoding of the experiences
in the episodic memory, leaving independent tracks for recalling, alongside the so-called content
representations. Some especially good photos in relation to positive emotions and radiation of vitality
from the children’s actions, were sent home after each session. This with the intention of positively
influence the children’s growing functions by helping them to recall and retell valuable memories, for
instance in conversations with their parents or other people outside the family.
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Figure 8. Two boys chose to sit close to one another both looking at the horses—perhaps mutually
shared moment of contact between them?
The therapists have noticed that the interest the children in therapy initially showed for the events
in nature and animals also persisted throughout the treatment. This interest grows more and more to
include even the therapist’s words and responses in the communication which gave way for them
to support the children in understanding more complex situations. The conditions for children’s
meaning-making in exploration and conversation have probably improved by this and equipped the
children to b come more nd more engag d in social interaction, both with animals and p ople with
perhaps even ore vitality a a result. L arning has thus been bodily experience-based, wher both
vitality forms and emotions evoked have evolved to become important amplifiers. In this way, nature
and animals integrated with the therapists’ interventions have become a way for the children to reach
a certain level of what Kreutz describes as environmental congruence, i.e., a good match between
the children’s need to develop their functions further and what the treatment environment has to
offer [119]. For children with autism, it is not easy to spontaneously share joyful experiences with other
people, something that has often happened in the treatment.
In slightly more developed children in language and cognition, we have n ticed that processing
of mor p ychological content could b init ated ba d n the children’s interest in nature’s more
Int. J. Environ. Res. Public Health 2019, 16, 4673 19 of 36
concrete and sensory stimulation. Among various elements of nature, cones, stones, and ice have
been specifically used by the children engaging in these more symbolic acts of play, see Figure 9.
The question is whether the symbolic language based on the formations of nature that the children
have perceived visually has helped them to process thoughts and feelings? Children with autism find
it difficult to use imaginary thinking [22], and the language is often stereotyped and concrete without
the use of metaphors or imagery.
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Figure 9. The boy picked up a piece of ice and held it in front of his face. He then asked the therapist
to take his photo. Why did he do this? Perhaps he felt that the ice gave him a comfortable shelter in
exchange of gazes, or he was simply curious what he would look like or he wanted to tell something
about himself that could lead to confirmation by the therapist? We will never know for certain, but the
fact is that the boy acted creatively with the help of one of nature’s formations and he very much liked
to look at the picture afterwards.
3.3.2. Sensory Processing and Mental Processes Based on Experiences of Nature and Animals
Natural environments can have specific advantages over indoor environments when it comes
to processing special visual and auditory sensory information [86–88,108,120–122]. This could be
particularly valuable eff cts for younger children with utism, as they have difficulty understanding
and l nking their experiences with language, which imp irs their sense of overall unders anding what
is going on. In general, the visual sense channel is usually the strongest in autism. Kana et al. [123]
have shown that for a group of adolescents with autism included in their study, visualization was an
important strategy for understanding read sentences. The study supported research that has shown that
there is an under integration of languages and imagery in autism [124,125] and the authors concluded
that people with autism are more dependent on visualization, as a support for language understanding.
Many of the cognitive tools that have been developed to facilitate learning in autism are just visual in
nature such as, for example, pictures, photos, and schematics. In nature, the experiences, just as in
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any other everyday environment, are primarily visual (but also multi-sensory) which can facilitate
the children to process and understand what is happening and communicated, both nonverbally and
verbally. The fact that children with autism often rely heavily on the visual channel for learning may
have to do with the fact that vitality forms from visual impressions for them (not regarding social
signals from human communication) could be particularly easy to register. In that case, contextual
information could be more efficiently provided and better understood. One can assume that the visual
aspect of capturing biological movement is also particularly important.
Another sensory aspect of the natural environment that can facilitate understanding of spoken
language is the sound based aspect. An example is Christensson’s research [122] which shows that
sound perception in the form of listening to another person’s speech is improved in a forest environment
since the sound reflexes there are different. The consonants are emphasized and not the vowels (as
in many indoor environments), and that makes the meaning of speech more effective, according to
Christensson [122,126]. This can be important for understanding why the children’s interest in nature
and animals in treatment could be maintained, and it could be partly from listening and take in the
words from the therapists explaining. Interest in animals and nature as objects of conversation can
also, with some simplicity, be directed towards social domains which is something very valuable for
children with autism since they do not readily absorb or are interested in human social knowledge
mediated directly from social interaction with people. In other words, there may be several advantages
from reading stimuli coming from the natural environment and animals in treatment that can improve
the children’s ability to understand and communicate verbally.
Another important aspect based on vitality forms from stimuli in nature could be that in nature
there are so many different categories of multisensory events that humans through evolution could
have developed a functional way to tap into, understand, and take advantage from, without consciously
being aware of it. Other theories such as SRT [86] and PFA [87,88], both put emphasis on quick or
effortless perceptual processes, and perhaps vitality forms have a part in this. Intuitively and flexibly
we could then either turn our attention for a moment to an event that gives us energy through the
specific forms of vitality we need for the moment, or we let objects or events capture our attention
spontaneously and then we can choose to explore it more closely if a more intense interest is evoked.
Both in the next key category and in the discussions, shifting of attention based on vitality forms will
be further discussed.
3.3.3. Different Emotional Reactions Based on Curiosity and Interest in Nature and Animals
Children’s development always includes experiences of both positive, neutral, and negative
colored emotions. The emotions aroused from inputs of treatment have usually been positive,
but negative emotions such as fears have also occurred, but not to the extent that they could not be
overcome with the help of the therapists’ interventions. For the most part, however, worry and fear
have originated from social interaction between the children. Objects in nature or animals have seldom
aroused fear, but there have been such events too. For example, one child was afraid to ride and
has only mounted the horse one or two times. Another child gradually started to like horse-riding,
and much liked it thereafter. Yet another child was fascinated, but at the same time fear-filled, when
looking and coming into closer contact with ants and insects. This interest followed him for several
sessions, where he eventually mastered his fears to the extent that he could hold out a stick of creeping
ants to other children and calmly asked if they feared them. The incident with the ants seemed to be a
kind of challenging experience that helped the boy reach a higher level of mastery in regulating his
behavior. The fact that he himself could control and independently choose what he wanted to do,
seemed to have strengthen him as he looked very happy and satisfied. In other words, nature can give
rise to many kinds of experiences, including the biophobic fears of spiders, snakes, stagnant water, and
dark caves. These biophobic responses, as well as the biophilic ones, Ulrich considers to have genetic
basis as both are adaptive responses that have been important to learn and retain for survival [100].
The so-called negative reactions, if moderate, can, with the help of the therapists lead the child to a
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stronger self-reliance and therefore become very important experiences of mastering. The deeper forest
on the outskirts of the environment has inspired to make more danger colored fantasies, but not in
too overwhelming ways. Sometimes these fantasies have seemed to reinforce a sense of belonging in
the group as they were narrated and shared between the children and their therapists. For example,
fantasies could be triggered from traces of wild animals or skeletal parts the children found, see
Figure 10. For children with autism, it is particularly important to experience what it is like to get
help in dealing with situations that cause anxiety or fear, for example by turning to an adult or as
here to a therapist or see how other children and adults solve problems they encounter. Tomkins,
who developed the modern theory of affect [127,128], describes affect as a separate but reinforcing
coordinator in our psyche that can flexibly serve as links to other basic systems such as drift, motor,
cognition, and perception. A thought that follows an affect can be reinforced and become part of a
script. A script according to Tomkins is the organizing principles used to interpret, respond to, and
control experienced episodes, so-called scenes. According to Tomkins, the meta message from positive
affects such as joy and interest signals continue (the search for novelty is a strong motivational factor
in infants) and the negative ones (anger, fear, sadness, disgust, and shame) signal change something.
The children in the treatment have received a good deal of stimulation from nature and the animals
because they have become sufficiently curious and interested in what has taken place there. In this
way, they have been supplied with mental energy and vitality continuously.
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curiosity in the children that inspired their thinking processes and could lead a train of thoughts to be
articulated. The vitality of the children in these situations has been particularly obvious and forceful.
Summary Arouse Curiosity and Interest Based on The Core Variable Vitality Forms
In the treatment, children are often revitalized by all the dynamic experiences they are involved in
with nature and animals and the prerequisite for this can be the vitality that has arisen from a first
curious and interested look at, for example, a bird that has flown up or an ice cube trampled on or a stick
on the ground. An inherent interest for lifelike processes, biophilia, (although the hypothesis is not yet
fully confirmed by the research) may possibly be intact in children with autism and thus form a way for
therapists to get children with autism to become increasingly more socially interested, more willing to
show and comment and more frequently wanting to share their experiences spontaneously with others.
If the children are socially engaged and experience joy and other positive feelings in communicating
with another individual, there is also a possibility that this in itself can become vitalizing experiences
that produce increased mental energy rather than reduced.
We hereby propose that vitality forms from nature and animals experiences in treatment, could have
been more effectively registered than earlier research has shown to be true for children with autism in
relation to human movement patterns [78,84]. With such improved encoding of vitality representations,
children can more easily recall their memories and talk about them. If this is a correct hypothesis, the
question is whether this also improve conditions for the formation of the so-called. RIGS (Representation
of an Interaction that has become Generalized) according to Stern’s theories [80]. With RIGS, Stern refers
to the way in which young children’s real experiences of interaction are organized in the psyche [80].
Stern links the emergence of RIGS to memory structures that represent perceived experiences. These
models of “being with others” children can start to recall from an early age in structures similar to
stories. According to Stern, such a story contains different parts, for example, sensory impressions,
actions, effects, and goals and they form a temporal and thematic coherent unit. These experiences
of interaction can then be generalized to form RIGS. An example might be when the baby interacts
with the mother when playing peekaboo. Here, instead, the experiences of interaction can be about
how to play hide and seek with others, how to hold the cat or pet the dog, how to interact with the
handler when resting, or how to ask when you do not know or express your own needs so that one
could be understood, all experiences originated from being socially engaged and interested in what is
happening around you. Possibly RIGS formed during treatment then also could guide the child even
in other contexts.
3.4. Key Category 3—Use of S Attention Spontaneously in Exploration, Play and Interaction
Attention restoration theory (ART) is based on the assumption that people have two systems
of attention [120], directed attention (first referred to as voluntary attention by James [129]) and
spontaneous attention also known as fascination (first called involuntary attention by James [129]).
Fascination is an object or event that catches our attention and which we do not need or can decide
on. Directed attention is used when we work in a targeted manner and must inhibit distractors,
which requires a lot of energy and is an exhaustive resource involved in executive processes in thinking.
Nature is a place that easily arouses soft fascination [120] (for example, by moving objects, objects that
are particularly beautiful, or by wildlife). In studies, nature has proven to be a good place for recovery
after directed attention by stimulating soft fascination [120]. This effect is particularly significant
in many of the practical applications of nature in treatment that exists today [1]. One example is
horticultural therapy, a well-regarded adult treatment for conditions such as exhaustion disorder,
depression, and stroke [130], all of which are characterized by severely impaired executive function.
With the help of the soft fascination we use in nature, we can quickly and unconsciously decode the
environment’s both soft and hard elements of fascination, says Ottosson et al. [89]. With objects that
attract our attention with hard fascination (e.g., watching exciting sports events or being close to
high precipices or big snakes), Kaplan [120] believes that all our attention is required, and we must
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be vigilant which leaves no room for our own thoughts or reflections which soft fascination does.
Kaplan shows the possibility that nature is a place that can easily arouse interest and thus the use of
soft fascination.
There is also research showing that outdoor environments have salutogenic effects on children’s
attention [131,132]. In a study involving children with attention problems, parents reported a reduction
in symptoms (ADHD) following play in green areas [133]. The kind of dysfunction within the
executive function of children with autism, primarily is about difficulties in shifting attention and
multitasking [37,38]. According to Kaplan [120], directed attention is used in virtually all executive
functions, including also to shift focus and to handle more complex patterns of action. However, it is
important to remember that in all young children, the executive function is undeveloped from the
start in life and therefore the support from the caregivers are especially crucial during the first years
of life [134,135]. In the light of this, the executive function matures with age and the child becomes
increasingly more able to independently make plans and organize his thoughts and behaviors. In other
words, children need a lot of appropriate confirmation and support from adults in their environment
to develop their executive function, something that is not so easy to achieve for children with autism.
This is why nature and animals are especially important objects as they attract the children’s interest
spontaneously which gives the therapist a chance, when needed, to fill in words and cues when they
still have an open mind and seems to want help to organize the information that could improve the
understanding further.
The treatment referred here, differs from traditional treatment for children with autism in that the
children participate to a greater extent based on their own initiatives and spontaneous engagement.
The farm and surrounding nature are not as structured environment as is otherwise characteristic of
educational environments for children with autism, but still appear to be supportive of the executive
function. One way to indicate this is that the therapists do not have to lead the child as much, but the
children themselves seems to be able to keep ideas about how the environment is structured. This
can make the children freer to choose activities, which probably strengthens their motivation and the
sense of self-managing their actions (agency). In many forms of treatment for children with autism, the
therapist leads the child and has much control. An important task for the therapist in dealing with
animals and nature in our example, is to listen carefully, be perceptive and responsive to the child’s
needs. It is also important for them to actively monitor and share what the child spontaneously notices
or could be interested in, and to put words on experiences when appropriate and with good timing.
The impact of the events on the children’s attention, is probably a crucial circumstance for this to
happen, as is shown in Figures 11 and 12a–c. The executive function of the children seems to be either
relieved or supported continuously by both the therapists’ interventions and by the environment and
probably the vitality forms from all the dynamic events has something to do with this. According to
Posner [135], an alert state is necessary for more demanding thought activities. It is striking to see how
the children in the treatment can go from a resting state, e.g., lie down or sitting on the ground looking
around, to getting up and being active in games like hide and seek with just a little help from the
therapist or sometimes no one at all. In other words, the ability to shift attention seems to be reinforced,
something that we also commented on in both key category 1 and 2. In the second project included
here [69], a different test for assessing mentalization (first order false-belief test) was used in the pre-
and post-evaluation with clear positive results for three of four children with autism (the fourth was
due to dropout). In addition to mentalizing, the tests include demands on executive function such as
working memory and inhibition.
In the following section, a girl’s more advanced ability to reflect verbally, is described when she
spontaneously draws the attention of her therapist to a situation with a cat she is interacting with.
The background story is that a cat often approaches the children when they are sitting at the campfire
and he always wants to have food and attention from them. At the beginning of the treatment the girl
had great difficulties with impulse control which the therapist helped her to improve. One time at the
end of the treatment, she wanted to show her therapist how good contact with the cat she developed.
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She says: Look, when I release the cat it comes back to me! (and exactly this happens) Then she adds:
Wonder if the cat owner knows who tamed it?
Reflections: These are examples of a growing mentalizing capacity and shows the girl’s reflections
on how another person can think about her indirectly, through the cat’s behavior. This type of reflection
is unusual for a child with autism. Similarly, it is unusual for a child with autism to spontaneously call
on someone else’s attention to show and share joy and pride from own progress. This is not an isolated
story; all the participating children have shown a more elaborated mentalizing ability to reflect in
conversation after some time in therapy. Not all at the same high level as this child, though.
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Children with autism seldom point to show and share experiences. The question is whether the use of
spontaneous attention also positively affects the use of body language?
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Figure 12. The boy finds the rooster’s crossed beak very interesting to look at and shares his 
experience with the therapist in a joint attention episode. 
Other children’s pretend play may also trigger pretend play in children who are about to 
develop this form of thinking. An example comes from an episode that took place towards the end 
of the first treatment period when a boy was included in the other children’s more advanced pretend 
play on a big stone, see Figure 13. They pretended that they were fishing for whales in the Arctic. The 
Figure 12. The boy finds the rooster’s crossed beak very interesting to look at and shares his experience
with the therapist in a joint attention episode.
Other children’s pretend play may also trigger pretend play in children who are about to develop
this form of thinking. An example comes from a episode that took place towards the end of the first
treatment period when a boy was included in the other children’s more advanced pretend play on a
big stone, see Figure 13. They pretended that they were fishing for whales in the Arctic. The game was
too difficult for the boy to understand but suddenly he stood there and watched them. After a while he
pulled out a small wilted fir and said something that could not be heard. The therapist replied... good,
you have a fishing net... and he answered... yes! When she cooked soup with the fish caught in the net,
the boy contributed with roots and other things he fetched but wondered at first; ... is it not soup? Well,
we pretend it is, the therapist then replied. The boy showed great interest in the pretense and was very
focused. Some weeks later it was time for a school follow-up. When we asked if he was playing in the
school yard, they answered that he had just started a kind of pretense play about cooking soup with
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another girl in the class. He had clearly transferred his new skill to another environment, something
unusual for a child with autism to do, especially if the skill is not part of the child´s special interest.
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mood, and this someti es helped th children tak new steps to use their imagination. An example
of this was when one of the farm anim ls suddenly showed more amused and cheerful behavior
than they otherwise us d to do. The piglets for instance aroused much joy and laughter when the
children watched them play and jump in the straw. T se experienc s gained even more value when
n rrated in the group at the campfire. In other words, sudden events added more powerful dynamics
to the children’s experien es and formed almost a kind of accents that seemed to give th m more
mental energy and vitality and attracted their attention in a more powerful way than from calm and
recurring softer movements. The forms of vitality involved may have strongly colored the children´s
emotions and so influenced how the final expression were perceived. Children with autism often have
difficulties with unexpected events and may perceive them as disruptive elements that rather prevent
their mental processing from being flowing, and efficient. By managing to keep their attention a little
longer for what is new and little unexpected, the chance increases for the therapist to reach the child
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with additional structuring support. In this way, the somewhat unexpected events have sometimes
become decisive moments, which gave the children new perspectives.
3.4.2. Summary, Spontaneous Attention Based on The Core Variable Vitality Forms
Here we discuss the possibility that events in nature and from encounters with the animals during
the treatment, sometimes led to more dynamic vitalizing experiences for the children, as a result from
their attention being attracted spontaneously. Such attention to events and objects can also mean more
of their own spontaneous body movements, increased vitality, and more positive expectations about
what will come next in the moments to follow. This kind of vitality dynamics may have provided the
children with extra mental energy on certain occasions, which could have facilitated increasingly more
complex thinking processes, for example executive function or mentalization. In treatment, physical
interaction and games have been very dynamic (e.g., hide and seek, throwing snowballs, or playing
with the dog) which required some ability to read other people’s nonverbal and verbal communication.
When the children chased one another, it was required of them both to look at how the other children
moved and at the same time monitor their own movements, thus be able to run away or to catch the
other. Figure 14 shows two boys involved in a game that was about falling to the ground on a given
time signal.
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achieve more vividness, wonder, and joy in the mutual contact and interaction with the child. This may
also have increased the children’s openness and ability to register the forms of vitality even from the
therapist’s (or other participants in the group) communication and body language. Even the rhythmic
stimulation from the riding may have constituted such vitalizing dynamic experiences (apart from the
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calming experiences reported on earlier) but in a different way as the child in that position must accept
to follow the horse’s movement pattern. The child can, however, influence the horse’s movement to
some degree by sending different body or voice signals, getting the horse to walk, stop, etc., however,
they need to check back with the handler. Horseback riding then seems to evoke a specific kind of
dynamic vitality from the communication with the horse and the handler based on a more tight form
of joint attention situation which also could mean increased use of the directed attention from time to
time, for example when to listen attentively and follow instructions. In playing games in nature, the
child can move the whole body quicker and freer according to their own will, needs, and desires, and
also to some extent, in accordance with how other partners in play move and show their intentions.
This seems to involve more of spontaneous and quick switching of attention and checkbacks in joint
attention with other people. Both situations are thought to be significant as good quality experiences
of social communication acts. The free play situation though seems to invoke more dynamic flow of
vitality than the horse riding, but both contribute to the child’s growing experience of being in tune
with other living beings in a way they appreciate and often are seen to take much pleasure from.
4. Discussion
The purpose of this article was to seek a theoretical model that could provide increased
understanding of how nature and animals can bring positive values for the psychological development
of children with autism, in the context of a developmental supportive treatment. It is suggested that
it might be through an improved ability to register vitality forms from all the experiences that the
children were engaged in. More effective vitality form registration can have improved other cognitive
and affective functions, for example the ability to grasp whole events, the so-called central coherence.
We also suggest that the vitality forms have explanatory value for most of the examples presented in
the three different key categories. The first key category describes how nature and animals appear
to help the children reduce stress and provide calmness through all soft and repetitive recurrent
movements that occur in abundance in nature and from animal behavior. The second key category
addresses the fact that the children’s curiosity and interest are stimulated by nature and animals, which
vitalize their thinking. The therapists used this heightened interest for their interventions, for example
to coordinate the child’s attention with their own in so-called joint attention episodes or to provide
rich linguistic stimulation and support. The third and final key category describes that nature and
animals have attracted the children to pay attention spontaneously. This seems to have provided
them with a higher degree of vitality and mental energy from all the movement dynamics involved.
The resulting alertness in the children, might explain their increased ability to reflect in conversation,
engage socially, and use more fantasy in play. The spontaneous acting and engagement also seemed to
have improved the children’s capacity to engage in a more affective based communication style when
communicating with therapists and other participants. This is something that children with autism find
difficult to do, which hinders them from grasping other people’s minds [49,136]. By processing social
information in conjunction with nature and animals, other people’s emotions can perhaps become
more reachable to them through mirroring. If this conclusion is correct, more optimal conditions for
psychological development could come out of this interaction with nature for young children with
autism. Perhaps many children with autism can have their psychological development improved in
the same way as the children included in this study. Especially if time in treatment is long enough for
schemas, inner representations, and the so called implicit relational knowing referred to by Stern and
his colleagues [80,137] to be established and stored in memory.
However, the study is based on limited empirical material. The theoretical model needs to be
developed and revised through knowledge from a larger sample, including controls and if possible,
randomization. Here the children have acted as their own controls. The researchers should also not
be the same persons as those involved in the actual therapeutic work, as was the case here, where
the first author has been involved both in the research and model building as well as in the practical
therapy on which the result is built. A fact that minimizes a risk for conformational bias, is that the
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conclusions about the children’s progress in therapy build on many sources, and there has been a
lot of transparency and discussions and feedback between all parties involved, therapists, teachers,
and parents.
If vitality form registration in connection with animal and nature experiences are a key for
children with autism to become more receptive to social signals from humans, or to be able to process
information in general in a more optimal way, then several new questions arise. For instance, which
dynamic movement patterns could be the most optimal for this to happen? Probably it is important
that vitality and mental energy is derived from being both mentally and bodily active but in a way
that makes sense to the child. That way, creativity in thinking and openness to new experiences
might be triggered. An advantage with a more relational based treatment as the one used here, is
that the therapist works intuitively and can adjust to each child’s needs from moment to moment.
The therapeutic environment is also quite wide and varied which can mean that it might suit many
children with autism, but of course not all. Some children can have sensibilities and ways of handling
information that mean they need a more structured and controlled environment for learning. Also,
there might be children with autism that do not respond well because they lack interest in animals,
are too afraid of them, or for some other reason do not grasp the meaning coming from nature, or
are not ready to engage socially. In the treatment included here, many different sources of dynamic
experiences coming from nature and animals have been used. We think this has been very important in
order to create many varied opportunities for the children and their therapists to engage emotionally
and socially. By following up and give affirmative support directly linked to the children’s initiatives
and actions, conditions for development are thought to have been particularly optimized. With more
inputs to reflect upon mutually in conversations, the more opportunities arise for the therapist to give
the child abundant and nuanced affirmative support. This could mean increased possibilities for the
children to receive and incorporate just the kind of experiences they need for their new emerging
functions to develop further and for a sense of self to grow.
All in all, we suggest that the use of directed attention, the more energy consuming form of
attention, is less demanding if the interactional activities with other humans take place in a nature-and
animal-based context than otherwise. This could perhaps lead to improved attentional capacity in other
settings where the directed attention is more needed. Further research could address this question.
Participating in therapy like the one we have presented here, might also provide good conditions for
maturation of executive function and mentalizing capabilities. Today, many children and adolescents
with autism experience stress, and struggle much to achieve their educational goals in school, and many
still need a lot of help for their learning and functioning, despite the fact that they during preschool
time received a lot of intensive training [138]. Perhaps, beside certain typical autistic dysfunctions,
they also lack a sense of self agency and self-control that children with typical development gain from
their social and emotional early experiences. It is therefore very important to find support and social
arenas where children and adolescents with autism can feel safe, motivated and able to use a more
playful and spontaneous attitude in activities and at the same time to some extent, be socially engaged.
If so, vitality might provide them with mental energy enough to overcome some of the obstacles in
functioning and for being more directly connected to both humans and animals.
5. Conclusions
For thousands of years, humans have been adapted to interpret the behavior of animals and
events in nature [80,82,113] and according to Hofer [133] this may also have been related to vitality
forms. Children with autism do not seem to register or are sensitive to vitality forms coming from
other people [78] which probably impacts their social understanding to a large extent. The question
raised here is if children with autism could build relational based knowledge more effectively if the
social engagement with other people takes place in nature and in conjunction with animals? If this
is true, it could mean that children with autism can use a way of thinking that to a lesser extent is
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influenced negatively by autistic thinking, by using older systems to process information from the
environment, discarded in man as a result of evolution.
Perhaps in the future a more relational based treatment in nature and with animals can become a
comparable alternative to other interventions being best practice today. Either way, it seems likely that
animals and nature in the future will be part of a new avenue of treatments to instill psychological
development and wellbeing for people with autism, young and old, just as research has shown to
be true for groups such as elderly people, people suffering from stress and mental fatigue, or other
conditions affecting the executive function negatively.
Author Contributions: Conceptualization, formal analysis, methodology; K.B., P.G. and C.H. Writing—Original
Draft Preparation; K.B., Writing—Review and Editing, K.B., P.G. and C.H.
Acknowledgments: The authors thank the participants and their families, the staff at Kaggestorp Islandshästcenter,
all the therapists, and supervisors of the two projects. It was funded by various bodies in Sweden; Region Västra
Götaland Habilitation & Health, the Skaraborg Institute of Development and Research, and the Wedding Fund of
the King and Queen of Sweden.
Conflicts of Interest: The first author is the creator of the model KOMSI®but there has been no economic
advantage coming from this. It has also been described that she herself was one of the therapists in the two
projects that provided data to this study, but also the ways that supposedly increased reliability and validity all
the same. Patrik Grahn is a shareholder in a research company that handles intellectual property rights, NAHC
Holding AB, of which the Swedish University of Agricultural Sciences is the majority shareholder through its
subsidiary SLU (Swedish University of Agricultural Science) Holding. The authors declare no conflicts of interest.
The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the results.
References
1. Stigsdotter, U.A.; Palsdottir, A.M.; Burls, A.; Chermaz, A.; Ferrini, F.; Grahn, P. Nature-Based Therapeutic
Interventions. In Forests, Trees and Human Health; Nilsson, K., Sangster, M., Gallis, C., Hartig, T., de Vries, S.,
Seeland, K., Schipperijn, J., Eds.; Springer: Dordrecht, The Netherlands, 2011; pp. 309–342.
2. Jiang, B.; Chang, C.-Y.; Sullivan, W.C. A dose of nature: Tree cover, stress reduction, and gender differences.
Landsc. Urban Plan 2014, 132, 26–36. [CrossRef]
3. Ward Thompson, C.; Roe, J.; Aspinall, P.; Mitchell, R.; Clow, A.; Miller, D. More green space is linked to less
stress in deprived communities: Evidence from salivary cortisol patterns. Landsc. Urban Plan 2012, 105,
221–229. [CrossRef]
4. Bratman, G.N.; Hamilton, J.P.; Daily, G.C. The impacts of nature experience on human cognitive function
and mental health. Ann. N. Y. Acad. Sci. 2012, 1249, 118–136. [CrossRef] [PubMed]
5. Kaplan, S.; Berman, M.G. Directed Attention as a Common Resource for Executive Functioning and
Self-Regulation. Perspect. Psychol. Sci. 2010, 5, 43–57. [CrossRef] [PubMed]
6. Sandell, K.; Öhman, J. Educational potentials of encounters with nature: Reflections from a Swedish outdoor
perspective. Environ. Educ. Res. 2010, 16, 113–132. [CrossRef]
7. Boldemann, C.; Blennow, M.; Dal, H.; Martensson, F.; Raustorp, A.; Yuen, K.; Wester, U. Impact of preschool
environment upon children’s physical activity and sun exposure. Prev. Med. 2006, 42, 301–308. [CrossRef]
8. Fjørtoft, I. Landscape as Playscape: The Effects of Natural Environments on Children’s Play and Motor
Development. Child. Youth Environ. 2004, 14, 21–44.
9. Mårtensson, F. Landskapet i leken: En studie av utomhuslek på förskolegården. Ph.D. Thesis, Swedish
University of Agricultural Sciences, Alnarp, Sweden, 2004.
10. Blake, M.; Mitchell, G. Horticultural therapy in dementia care: A literature review. Nurs. Stand. 2016, 30,
41–47. [CrossRef]
11. Jang, E.J.; Han, G.W.; Hong, J.W.; Yoon, S.E.; Pak, C.H. Meta-Analysis of Research Papers on Horticultural
Therapy Program Effect. Korean J. Hort. Sci. Technol. 2010, 28, 701–707.
12. Henderson, B.; Vikander, N. Nature First [Elektronisk Resurs] Outdoor Life the Friluftsliv Way; Dundurn: Toronto,
ON, Canada, 2007.
13. Purewal, R.; Christley, R.; Kordas, K.; Joinson, C.; Meints, K.; Gee, N.; Westgarth, C. Companion Animals
and Child/Adolescent Development: A Systematic Review of the Evidence. Int. J. Environ. Res. Public Health
2017, 14, 234. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4673 31 of 36
14. Clatworthy, J.; Hinds, J.; Camic, P.M. Gardening as a mental health intervention: A review. Ment. Health Rev.
J. 2013, 18, 214–225. [CrossRef]
15. Redefer, L.A.; Goodman, J.F. Brief report: Pet-facilitated therapy with autistic children. J. Autism Dev. Disord.
1989, 19, 461–467. [CrossRef] [PubMed]
16. Beck, A.M.; Katcher, A.H. Between Pets and People: The Importance of Animal Companionship; Purdue University
Press: West Lafayette, IN, USA, 1996.
17. Martin, F.; Farnum, J. Animal-assisted therapy for children with pervasive developmental disorders. West. J.
Nurs. Res. 2002, 24, 657–670. [CrossRef] [PubMed]
18. Talarovicˇová, A.; Lucia, O.; Lucia, K. Guinea pigs—The “Small Great” Therapist for Autistic Children, or:
Do Guinea Pigs Have Positive Effects on Autistic Child Social Behavior? Soc. Anim. 2010, 18, 139–151.
[CrossRef]
19. O’Haire, M. Animal-assisted intervention for autism spectrum disorder: A systematic literature review.
J. Autism Dev. Disord. 2013, 43, 1606–1622. [CrossRef]
20. McDaniel Peters, B.C.; Wood, W. Autism and Equine-Assisted Interventions: A Systematic Mapping Review.
J. Autism Dev. Disord. 2017, 47, 3220–3242. [CrossRef]
21. Tan, V.X.-L.; Simmonds, J.G. Equine-Assisted Interventions for Psychosocial Functioning in Children and
Adolescents with Autism Spectrum Disorder: A Literature Review. Rev. J. Autism Dev. Disord. 2018, 6,
325–337. [CrossRef]
22. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5®); American
Psychiatric Publishing: Washington, DC, USA, 2013.
23. Brugha, T.S.; McManus, S.; Bankart, J.; Scott, F.; Purdon, S.; Smith, J.; Bebbington, P.; Jenkins, R.; Meltzer, H.
Epidemiology of autism spectrum disorders in adults in the community in England. Arch. Gen. Psychiatry
2011, 68, 459–465. [CrossRef]
24. Fernell, E.; Gillberg, C. Autism spectrum disorder diagnoses in Stockholm preschoolers. Res. Dev. Disabil.
2010, 31, 680–685. [CrossRef]
25. Tager-Flusberg, H.; Joseph, R.M. Identifying neurocognitive phenotypes in autism. Philos. Trans. R. Soc.
Lond. Ser. B Biol. Sci. 2003, 358, 303–314. [CrossRef]
26. Newschaffer, C.J.; Croen, L.A.; Daniels, J.; Giarelli, E.; Grether, J.K.; Levy, S.E.; Mandell, D.S.; Miller, L.A.;
Pinto-Martin, J.; Reaven, J.; et al. The epidemiology of autism spectrum disorders. Annu. Rev. Public Health
2007, 28, 235–258. [CrossRef] [PubMed]
27. Ospina, M.B.; Krebs Seida, J.; Clark, B.; Karkhaneh, M.; Hartling, L.; Tjosvold, L.; Vandermeer, B.; Smith, V.
Behavioural and developmental interventions for autism spectrum disorder: A clinical systematic review.
PLoS ONE 2008, 3, e3755. [CrossRef] [PubMed]
28. Billstedt, E. Children with autism grow up. Use of the DISCO (Diagnostic Interview for Social and
COmmunicative disorders) in population-based cohorts. Ph.D. Thesis, University of Gothenburg,
Gothenburg, Sweden, 2007.
29. Alvarsson, J.J.; Wiens, S.; Nilsson, M.E. Stress recovery during exposure to nature sound and environmental
noise. Int. J. Environ. Res. Public Health 2010, 7, 1036–1046. [CrossRef] [PubMed]
30. Chang, Y.S.; Owen, J.P.; Desai, S.S.; Hill, S.S.; Arnett, A.B.; Harris, J.; Marco, E.J.; Mukherjee, P. Autism
and sensory processing disorders: Shared white matter disruption in sensory pathways but divergent
connectivity in social-emotional pathways. PLoS ONE 2014, 9, e103038. [CrossRef] [PubMed]
31. MacNeil, B.M.; Lopes, V.A.; Minnes, P.M. Anxiety in children and adolescents with Autism Spectrum
Disorders. Res. Autism Spectr. Disord. 2009, 3, 1–21. [CrossRef]
32. White, S.W.; Oswald, D.; Ollendick, T.; Scahill, L. Anxiety in children and adolescents with autism spectrum
disorders. Clin. Psychol. Rev. 2009, 29, 216–229. [CrossRef]
33. Brodeur, D.A.; Gordon Green, C.; Flores, H.; Burack, J.A. Time estimation among low-functioning individuals
with autism spectrum disorders: Evidence of poor sensitivity to variability of short durations. Autism Res.
2014, 7, 237–244. [CrossRef]
34. Brenner, L.A.; Shih, V.H.; Colich, N.L.; Sugar, C.A.; Bearden, C.E.; Dapretto, M. Time reproduction performance
is associated with age and working memory in high-functioning youth with autism spectrum disorder.
Autism Res. 2015, 8, 29–37. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4673 32 of 36
35. Khalil, R.; Tindle, R.; Boraud, T.; Moustafa, A.A.; Karim, A.A. Social decision making in autism: On the
impact of mirror neurons, motor control, and imitative behaviors. CNS Neurosci. Ther. 2018, 24, 669–676.
[CrossRef]
36. Baron-Cohen, S.; Leslie, A.M.; Frith, U. Does the autistic child have a “theory of mind”? Cognition 1985, 21,
37–46. [CrossRef]
37. Hughes, C.; Russell, J. Autistic children’s difficulty with mental disengagement from an object: Its implications
for theories of autism. Dev. Psychol. 1993, 29, 498–510. [CrossRef]
38. Ozonoff, S.; Pennington, B.F.; Rogers, S.J. Executive function deficits in high-functioning autistic individuals:
Relationship to theory of mind. J. Child Psychol. Psychiatry 1991, 32, 1081–1105. [CrossRef] [PubMed]
39. Frith, U. Autism: Explaining the Enigma; Basil Blackwell: Oxford, UK, 1989.
40. Happe, F.; Frith, U. The weak coherence account: Detail-focused cognitive style in autism spectrum disorders.
J. Autism Dev. Disord. 2006, 36, 5–25. [CrossRef] [PubMed]
41. Happe, F.; Frith, U. Annual research review: Towards a developmental neuroscience of atypical social
cognition. J. Child Psychol. Psychiatry 2014, 55, 553–557. [CrossRef]
42. Harrist, A.W.; Waugh, R.M. Dyadic synchrony: Its structure and function in children’s development. Dev. Rev.
2002, 22, 555–592. [CrossRef]
43. Feldman, R. Parent–Infant Synchrony: Biological Foundations and Developmental Outcomes. Curr. Dir.
Psychol. Sci. 2007, 16, 340–345. [CrossRef]
44. Warreyn, P.; Roeyers, H.; De Groote, I. Early social communicative behaviours of preschoolers with autism
spectrum disorder during interaction with their mothers. Autism. Int. J. Res. Pract. 2005, 9, 342–361.
[CrossRef]
45. Rogers, S.J.; Lewis, H. An effective day treatment model for young children with pervasive developmental
disorders. J. Am. Acad. Child Adolesc. Psychiatry 1989, 28, 207–214. [CrossRef]
46. Happe, F.G. The role of age and verbal ability in the theory of mind task performance of subjects with autism.
Child Dev. 1995, 66, 843–855. [CrossRef]
47. Koegel, L.K. Interventions to facilitate communication in autism. J. Autism Dev. Disord. 2000, 30, 383–391.
[CrossRef]
48. Lord, C. Commentary: Achievements and future directions for intervention research in communication and
autism spectrum disorders. J. Autism Dev. Disord. 2000, 30, 393–398. [CrossRef] [PubMed]
49. Hobson, R.P. Explaining autism: Ten reasons to focus on the developing self. Autism. Int. J. Res. Pract. 2010,
14, 391–407. [CrossRef] [PubMed]
50. Tager-Flusberg, H. Evaluating the theory-of-mind hypothesis of autism. Curr. Dir. Psychol. Sci. 2007, 16,
311–315. [CrossRef]
51. Kasari, C. Assessing change in early intervention programs for children with autism. J. Autism Dev. Disord.
2002, 32, 447–461. [CrossRef] [PubMed]
52. Ganz, J.B.; Simpson, R.L. Effects on communicative requesting and speech development of the Picture
Exchange Communication System in children with characteristics of autism. J. Autism Dev. Disord. 2004, 34,
395–409. [CrossRef] [PubMed]
53. Howlin, P.; Magiati, I.; Charman, T. Systematic review of early intensive behavioral interventions for children
with autism. Am. J. Intellect. Dev. Disabil. 2009, 114, 23–41. [CrossRef] [PubMed]
54. Mesibov, G.B.; Shea, V. The TEACCH program in the era of evidence-based practice. J. Autism Dev. Disord.
2010, 40, 570–579. [CrossRef]
55. Mesibov, G.B.; Shea, V. Evidence-based practices and autism. Autism Int. J. Res. Pract. 2011, 15, 114–133.
[CrossRef]
56. Jung, S.; Sainato, D.M. Teaching play skills to young children with autism. J. Intellect. Dev. Disabil. 2013, 38,
74–90. [CrossRef]
57. Ridge, K.; Guerin, S. Irish clinicians’ views of interventions for children with autistic spectrum disorders.
Autism Int. J. Res. Pract. 2011, 15, 239–252. [CrossRef]
58. Dawson, G.; Rogers, S.; Munson, J.; Smith, M.; Winter, J.; Greenson, J.; Donaldson, A.; Varley, J. Randomized,
controlled trial of an intervention for toddlers with autism: The Early Start Denver Model. Pediatrics 2010,
125, e17–e23. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 4673 33 of 36
59. Fernell, E.; Hedvall, A.; Westerlund, J.; Hoglund Carlsson, L.; Eriksson, M.; Barnevik Olsson, M.; Holm, A.;
Norrelgen, F.; Kjellmer, L.; Gillberg, C. Early intervention in 208 Swedish preschoolers with autism spectrum
disorder. A prospective naturalistic study. Res. Dev. Disabil. 2011, 32, 2092–2101. [CrossRef] [PubMed]
60. Ben-Itzchak, E.; Watson, L.R.; Zachor, D.A. Cognitive ability is associated with different outcome trajectories
in autism spectrum disorders. J. Autism Dev. Disord. 2014, 44, 2221–2229. [CrossRef] [PubMed]
61. Ben Itzchak, E.; Lahat, E.; Burgin, R.; Zachor, A.D. Cognitive, behavior and intervention outcome in young
children with autism. Res. Dev. Disabil. 2008, 29, 447–458. [CrossRef]
62. Rutter, M. The treatment of autistic children. J. Child Psychol. Psychiatry 1985, 26, 193–214. [CrossRef]
63. Bowlby, J. A Secure Base: Parent-Child Attachment and Healthy Human Development; Basic Books: New York,
NY, USA, 1988.
64. Stern, D.N. The First Relationship: Infant and Mother; Open Books: London, UK, 1977.
65. Schore, A.N. Affect Regulation and the Origin of the Self: The Neurobiology of Emotional Development; Erlbaum, L.,
Ed.; Associates: Hillsdale, MI, USA, 1994.
66. Fonagy, P.; Target, M. Early Intervention and the Development of Self-Regulation. Psych. Inq. 2002, 22,
307–335. [CrossRef]
67. Charman, T. Why is joint attention a pivotal skill in autism? Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 2003,
358, 315–324. [CrossRef]
68. Byström, K. Utveckling av kommunikation och social interaktion hos barn med autism i samspel med djur
och natur; Revised 2019. Available online: https://alfresco.vgregion.se/alfresco/service/vgr/storage/node/
content/workspace/SpacesStore/a4e30808-7f1b-4527-bdb7-4a9bdd537310?a=false&guest=true (accessed on 3
October 2019).
69. Byström, K.; Grahn, P. Option to play through the lens of nature for children with autism—A case study.
In preparation.
70. Lord, C.; Risi, S.; Lambrecht, L.; Cook, E.H., Jr.; Leventhal, B.L.; DiLavore, P.C.; Pickles, A.; Rutter, M. The
autism diagnostic observation schedule-generic: A standard measure of social and communication deficits
associated with the spectrum of autism. J. Autism Dev. Disord. 2000, 30, 205–223. [CrossRef]
71. Buchanan, K.; Perera, T.; Carere, C.; Carter, T.; Hailey, A.; Hubrecht, R.; Jennings, D.; Metcalfe, N.; Pitcher, T.;
Péron, F.; et al. Guidelines for the treatment of animals in behavioural research and teaching. Anim. Behav.
2012, 83, 301–309.
72. Levitt, S.D.; List, J.A. Was There Really a Hawthorne Effect at the Hawthorne Plant? An Analysis of the
Original Illumination Experiments. Am. Econ. J. Appl. Econ. 2011, 3, 224–238. [CrossRef]
73. McCambridge, J.; Witton, J.; Elbourne, D.R. Systematic review of the Hawthorne effect: New concepts are
needed to study research participation effects. J. Clin. Epidemiol. 2014, 67, 267–277. [CrossRef] [PubMed]
74. Hartman, J. Grundad Teori: Teorigenerering på Empirisk Grund; Studentlitteratur: Lund, Sweden, 2001.
75. Hallberg, L.R.M. En Kvalitativ Metod Influerad av Grounded Theory-Traditionen; Psykologiska Institutionen,
Göteborgs Universitet: Göteborg, Sweden, 1998.
76. Reichertz, J. Abduction: The logic of discovery of grounded theory. In The SAGE Handbook of Grounded
Theory; Bryant, A., Charmaz, K., Eds.; SAGE Publications: Los Angeles, CA, USA, 2010; pp. 214–228.
77. Glaser, B.G.; Strauss, A.L. The Discovery of Grounded Theory: Strategies for Qualitative Research; Aldine: Chicago,
IL, USA, 1967.
78. Stern, D.N. Forms of Vitality: Exploring Dynamic Experience in Psychology, the Arts, Psychotherapy, and Development;
Oxford University Press: Oxford, UK, 2010.
79. Rizzolatti, G.; Craighero, L. The mirror-neuron system. Annu. Rev. Neurosci. 2004, 27, 169–192. [CrossRef]
[PubMed]
80. Stern, D.N. The Interpersonal World of the Infant: A View from Psychoanalysis and Developmental Psychology;
Basic Books: New York, NY, USA, 1985.
81. Di Cesare, G.; Di Dio, C.; Rochat, M.J.; Sinigaglia, C.; Bruschweiler-Stern, N.; Stern, D.N.; Rizzolatti, G. The
neural correlates of ‘vitality form’ recognition: An fMRI study: This work is dedicated to Daniel Stern, whose
immeasurable contribution to science has inspired our research. Soc. Cogn. Affect. Neurosci. 2013, 9, 951–960.
[CrossRef] [PubMed]
82. Di Cesare, G.; Valente, G.; Di Dio, C.; Ruffaldi, E.; Bergamasco, M.; Goebel, R.; Rizzolatti, G. Vitality Forms
Processing in the Insula during Action Observation: A Multivoxel Pattern Analysis. Front. Hum. Neurosci.
2016, 10, 267. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 4673 34 of 36
83. Hobson, R.P.; Lee, A. Imitation and identification in autism. J. Child Psychol. Psychiatry 1999, 40, 649–659.
[CrossRef] [PubMed]
84. Rochat, M.J.; Veroni, V.; Bruschweiler-Stern, N.; Pieraccini, C.; Bonnet-Brilhault, F.; Barthelemy, C.; Malvy, J.;
Sinigaglia, C.; Stern, D.N.; Rizzolatti, G. Impaired vitality form recognition in autism. Neuropsychologia 2013,
51, 1918–1924. [CrossRef]
85. Fonagy, P.; Luyten, P. A developmental, mentalization-based approach to the understanding and treatment
of borderline personality disorder. Dev. Psychopathol. 2009, 21, 1355–1381. [CrossRef]
86. Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to
natural and urban environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]
87. Joye, Y. Architectural Lessons From Environmental Psychology: The Case of Biophilic Architecture.
Rev. Gen. Psychol. 2007, 11, 305–328. [CrossRef]
88. Joye, Y.; van den Berg, A. Is love for green in our genes? A critical analysis of evolutionary assumptions in
restorative environments research. Urban For. Urban Green. 2011, 10, 261–268. [CrossRef]
89. Ottosson, J.; Lavesson, L.; Pinzke, S.; Grahn, P. The Significance of Experiences of Nature for People with
Parkinson’s Disease, with Special Focus on Freezing of Gait—The Necessity for a Biophilic Environment.
A Multi-Method Single Subject Study. Int. J. Environ. Res. Public Health 2015, 12, 7274–7299. [CrossRef]
[PubMed]
90. Csibra, G.; Gergely, G.; Bíró, S.; Koós, O.; Brockbank, M. Goal attribution without agency cues: The perception
of ‘pure reason’ in infancy. Cognition 1999, 72, 237–267. [CrossRef]
91. Dasser, V.; Ulbaek, I.; Premack, D. The perception of intention. Science 1989, 243, 365–367. [CrossRef]
[PubMed]
92. Berry, D.S.; Springer, K. Structure, Motion, and Preschoolers’ Perceptions of Social Causality. Ecol. Psychol.
1993, 5, 273–283. [CrossRef]
93. Klin, A. Attributing social meaning to ambiguous visual stimuli in higher-functioning autism and Asperger
syndrome: The Social Attribution Task. J. Child Psychol. Psychiatry 2000, 41, 831–846. [CrossRef]
94. Rutherford, M.D.; Pennington, B.F.; Rogers, S.J. The perception of animacy in young children with autism.
J. Autism Dev. Disord. 2006, 36, 983–992. [CrossRef]
95. Katcher, A.H.; Friedman, E.; Beck, A.M.; Lynch, J.J. Looking, talking, and blood pressure: The physiological
consequences of interaction with the living environment. In Our Lives With Companion Animals; Katcher, A.H.,
Beck, A.M., Eds.; University of Pennsylvania Press: Philadelphia, PA, USA, 1983.
96. Uvnäs-Moberg, K. The Hormone of Closeness; Pinter & Martin Ltd: New York, NY, USA, 2013.
97. Handlin, L.; Hydbring-Sandberg, E.; Nilsson, A.; Ejdebäck, M.; Jansson, A.; Uvnäs-Moberg, K. Short-Term
Interaction between Dogs and Their Owners: Effects on Oxytocin, Cortisol, Insulin and Heart Rate—An
Exploratory Study. Anthrozoös 2011, 24, 301–315. [CrossRef]
98. Beetz, A.; Uvnas-Moberg, K.; Julius, H.; Kotrschal, K. Psychosocial and psychophysiological effects of
human-animal interactions: The possible role of oxytocin. Front. Psychol. 2012, 3, 234. [CrossRef]
99. Stavropoulos, K.K.; Carver, L.J. Research review: Social motivation and oxytocin in autism–implications for
joint attention development and intervention. J. Child Psychol. Psychiatry 2013, 54, 603–618. [CrossRef]
100. Ulrich, R. Biophilia, biophobia, and natural landscapes. Biophilia Hypothesis 1993, 73–137.
101. Wohlwill, F.J. The concept of nature: A psychologist’s view. In Behavior and the Natural Environment: Advances
in Theory and Research; Altman, I., Wohlwill, J.F., Eds.; Plenum: New York, NY, USA, 1983; Volume 6, pp. 5–37.
102. Berlyne, D.E. Aesthetics and Psychobiology; Appleton-Century-Crofts: New York, NY, USA, 1971; Volume 336.
103. Berlyne, D.E. Conflict, Arousal, and Curiosity; McGraw-Hill: New York, NY, USA, 1960.
104. Taylor, R.P.; Spehar, B.; Van Donkelaar, P.; Hagerhall, C.M. Perceptual and Physiological Responses to Jackson
Pollock’s Fractals. Front. Hum. Neurosci. 2011, 5, 60. [CrossRef]
105. Hägerhäll, C.M.; Laike, T.; Küller, M.; Marcheschi, E.; Boydston, C.; Taylor, R.P. Human physiological benefits
of viewing nature: EEG responses to exact and statistical fractal patterns. Nonlinear Dyn. Psychol. Life Sci.
2015, 19, 1–12.
106. Hagerhall, C.M.; Laike, T.; Taylor, R.P.; Kuller, M.; Kuller, R.; Martin, T.P. Investigations of human EEG
response to viewing fractal patterns. Perception 2008, 37, 1488–1494. [CrossRef] [PubMed]
107. Katcher, A.; Wilkins, G. Dialogue with animals: Its nature and culture. In The Biophilia Hypothesis; Kellert, S.R.,
Wilson, E.O., Eds.; Island Press: Washington, DC, USA, 1993; pp. 173–197.
Int. J. Environ. Res. Public Health 2019, 16, 4673 35 of 36
108. Annerstedt, M.; Jonsson, P.; Wallergard, M.; Johansson, G.; Karlson, B.; Grahn, P.; Hansen, A.M.; Wahrborg, P.
Inducing physiological stress recovery with sounds of nature in a virtual reality forest–results from a pilot
study. Physiol. Behav. 2013, 118, 240–250. [CrossRef] [PubMed]
109. Viberg, L.; Viberg, M. Nallen i Psykologin: En Prospektiv Studie Med Fokus på Barns Användning av
Övergångsobjekt. Ph.D. Thesis, University of Lund, Lund, Sweden, 2003.
110. Wilson, E.O. Biophilia; Harvard University Press: Cambridge, MA, USA, 1984.
111. Kellert, S.R. Kinship to Mastery: Biophilia in Human Evolution and Development; Island Press: Washington, DC,
USA, 1997.
112. Mormann, F.; Dubois, J.; Kornblith, S.; Milosavljevic, M.; Cerf, M.; Ison, M.; Tsuchiya, N.; Kraskov, A.;
Quiroga, R.Q.; Adolphs, R.; et al. A category-specific response to animals in the right human amygdala. Nat.
Neurosci. 2011, 14, 1247–1249. [CrossRef] [PubMed]
113. Blakemore, S.J.; Frith, U. How does the brain deal with the social world? Neuroreport 2004, 15, 119–128.
[CrossRef] [PubMed]
114. Panksepp, J. Affective neuroscience of the emotional BrainMind: Evolutionary perspectives and implications
for understanding depression. Dialogues Clin. Neurosci. 2010, 12, 533–545.
115. Chawla, L. Benefits of Nature Contact for Children. J. Plan. Lit. 2015, 30, 433–452. [CrossRef]
116. Mårtensson, F. Health promotion adventures with nature as distraction. Soc. Med. Tidskr. 2012, 89, 224–231.
117. Minshew, N.J.; Meyer, J.; Goldstein, G. Abstract reasoning in autism: A dissociation between concept
formation and concept identification. Neuropsychology 2002, 16, 327–334. [CrossRef]
118. Gibson, J.J. The theory of affordances. In Perceiving, Acting, and Knowing: Toward an Ecological Psychology;
Shaw, R., Bransford, J., Eds.; Erlbaum: Hillsdale, NJ, USA, 1977; pp. 67–82.
119. Kreutz, A. Lack of Child-Environment Congruence in Cherbourg, Australia: Obstacles to Well-Being in an
Indigenous Community. Child. Youth Environ. 2014, 24, 53–81. [CrossRef]
120. Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15,
169–182. [CrossRef]
121. Berman, M.G.; Jonides, J.; Kaplan, S. The cognitive benefits of interacting with nature. Psychol. Sci. 2008, 19,
1207–1212. [CrossRef] [PubMed]
122. Christensson, J. Speech Intelligibility in Swedish Forest. In Proceedings of the Maastricht and Euronoise
2015-the 10th European Congress and Exposition on Control Engineering, Maastricht, Netherlands, 31 May–3
June 2015.
123. Kana, R.K.; Keller, T.A.; Cherkassky, V.L.; Minshew, N.J.; Just, M.A. Sentence comprehension in autism:
Thinking in pictures with decreased functional connectivity. Brain J. Neur. 2006, 129, 2484–2493. [CrossRef]
124. Just, M.A.; Cherkassky, V.L.; Keller, T.A.; Minshew, N.J. Cortical activation and synchronization during
sentence comprehension in high-functioning autism: Evidence of underconnectivity. Brain J. Neur. 2004, 127,
1811–1821. [CrossRef]
125. Koshino, H.; Carpenter, P.A.; Minshew, N.J.; Cherkassky, V.L.; Keller, T.A.; Just, M.A. Functional connectivity
in an fMRI working memory task in high-functioning autism. Neuroimage 2005, 24, 810–821. [CrossRef]
126. Christensson, J. Vår hörsel fungerar bra i skogen. Available online: https://www.ljudskolan.se/ljudfakta/hur-
fungerar-var-horsel/ (accessed on 6 May 2019).
127. Tomkins, S.S.; Karon, B.P. Affect, Imagery, Consciousness. Volume 3, The Negative Affects, Anger and Fear; Springer
Publisher: New York, NY, USA, 1991.
128. Tomkins, S.S.; Karon, B.P. Affect, Imagery, Consciousness. Volume 4, Cognition: Duplication and Transformation of
Information; Springer: New York, NY, USA, 1992.
129. James, W. Psychology: The Briefer Course; Holt: New York, NY, USA, 1892.
130. Grahn, P.; Tenngardt Ivarsson, C.; Stigsdotter, U.; Bengtsson, I.-L. Using affordances as a health promoting
tool in a therapeutic garden. In Innovative Approaches to Researching Landscape and Health; Ward Thompson, C.,
Aspinall, P., Bell, S., Eds.; Routledge: London, UK, 2010; pp. 116–154.
131. Taylor, A.F.; Kuo, F.E. Children with attention deficits concentrate better after walk in the park. J. Atten.
Disord. 2009, 12, 402–409. [CrossRef]
132. Mårtensson, F.; Boldemann, C.; Söderström, M.; Blennow, M.; Englund, J.E.; Grahn, P. Outdoor environmental
assessment of attention promoting settings for preschool children. Health Place 2009, 15, 1149–1157. [CrossRef]
133. Kuo, F.E.; Taylor, A.F. A potential natural treatment for attention-deficit/hyperactivity disorder: Evidence
from a national study. Am. J. Public Health 2004, 94, 1580–1586. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4673 36 of 36
134. Building the Brain’s “Air Traffic Control” System: How Early Experiences Shape the Development of
Executive Function. Working Paper No. 11. Available online: www.developingchild.harvard.edu (accessed
on 16 August 2019).
135. Posner, M.I.; Rothbart, M.K.; Sheese, B.E.; Voelker, P. Developing Attention: Behavioral and Brain Mechanisms.
Adv. Neurosci. 2014, 2014, 405094. [CrossRef]
136. McIntosh, D.N.; Reichmann-Decker, A.; Winkielman, P.; Wilbarger, J.L. When the social mirror breaks:
Deficits in automatic, but not voluntary, mimicry of emotional facial expressions in autism. Dev. Sci. 2006, 9,
295–302. [CrossRef]
137. Bruschweiler-Stern, N.; Harrison, A.M.; Lyons-Ruth, K.; Morgan, A.C.; Naum, J.P.; Sander, L.W.; Stern, D.N.;
Tronick, E.Z. Explicating the implicit: The local level and the microprocess of change in the analytic situation.
Int. J. Psychoanal. 2002, 83, 1051–1062.
138. Barnevik Olsson, M. Autism spectrum disorders—First indicators and school age outcome. Ph.D. Thesis,
University of Gothenburg, Gothenburg, Sweden, 2016.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
